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ABSTRACT 


A lead isotope study was conducted on several 
Canadian mineral deposits. New lead isotope data were 
obtained for the Big Ledge deposit, British Columbia, 
the Quemont mine, Quebec and the George Lake deposit, 
Saskatchewan. Some lead models ave been proposed to 


account for the respective lead isotope abundances. 
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INTRODUCTION 


Systematic variations in lead isotope abundances 
have proved to be a most useful phenomenon in elucidating 
the histories of different geological systems. These 
systematic variations have been applied in lead model 
studies to obtain quantitative estimates for the age of 
the earth and its crustal rocks, dates of mineralization 
of ore deposits and times of orogenies (or regional meta- 
morphisms). Furthermore, lead isotope studies have 
provided an insight into some of the physical and geo- 
chemical properties of these geological systems, be they 
individual minerals, ore deposits, whole rocks or on a 
larger scale, the crust itself. 

This thesis presents a report on some new lead 
isotope data obtained by the writer at the University 
of Alberta from three widely separated areas in Canada - 
British Columbia, Saskatchewan and Quebec - and embodies 
interpretations, within the framework of model lead 
theory, of this data and discussions of some of the 
geological implications. « In addition, a review of some 
novel observations as reported by Cumming et al (1970) 
regarding the fractional removal of lead from whole rocks 


is given. 


Lead Isotope Measurements 


The Mass Spectrometer 

A solid source, single focussing mass spectrometer, 
(described by Cumming et al (1971)) having a 12" radius 
of curvature and 90° sector was used in this study. ) A 
lead sample was loaded on single tantalum filament and 
ionized by distillation from the filament when heated. 
Digital techniques are used to control the magnetic current 
supply and to read the signal from the mass spectrometer. 
The mass spectrum is scanned by incremental magnetic 
field sweeping, this scanning being synchronized with the 
data reading of the signal which is recorded in digital 


form on magnetic tape. 


Data Analysis 

The data reduction techniques have been reported by 
Cumming et al (1971). The lead isotope data which are 
recorded on magnetic tape are processed in the following 
series of operations: The data are filtered; peaks are 
located; peak heights (adjusted for baseline) are deter- 
mined along with the respective times; ratios of peak 
heights are determined by a polynomial fit. The data 
are processed using an IBM 360 computer. 

Considerable attention has been recently focussed 
by researchers such as Compston and Oversby (1969), 
Cooper et al (1969) and Ozard and Russell (1970) on 


the nature and magnitude of fractionation (variable mass 


ian 


discrimination) and the application of double spiking 
(isotope dilution) techniques to correct for this pheno- 
menon. Double spiking techniques were not applied by 
the writer in this study to correct for fractionation 
effects. However, reruns were made of many individual 
samples to check the magnitude of fractionation if the 
absolute values of any isotope ratios were in question. 
The content of this thesis is submitted in the 
following manner: Chapter I deals with lead model 
theory. Chapters II, III and IV deal with the Wollaston 
Lake fold-belt, Quemont mine and Big Ledge studies res- 
pectively. The summary and conclusions are presented in 
Chapter V. A description of the procedures employed in 


extracting and purifying lead is given in the Appendix. 


CHAPTER. 


LEAD MODEL THEORY 


Lead has four stable isotopes, possessing atomic 
masses of 204, 206, 207 and 208. The lead in the earth 
is composed of lead which was originally present when 
the earth was formed (primordial lead) and lead generated 


by the radioactive decay over geologic time of ee 


Uae and th?>? (radiogenic lead). The isotopes ae. 
ppe?! and ae oe are end products of radioactive decay of 
eee ou. and th? respectively, while yee has no 


radioactive parent. Thus through radioactive decay the 


206 207 208 204 
a 


abundance of Pb b and Pb relative to Pb 


increases with time. 


Parent Daughter Decay Constant Half Life 
Cao woe MeO 527<100 yr 4.49x10? yr 
ger? je al Mee 722410 yi Oeyiaxio? 2 - 
Tigi SS ppeoe A" = 0.0499x107?/yr 13.910" yr 


The mixture of radiogenic lead and primeval (primordial) 
lead constitutes common lead and it has, by defini- 

tion, only a negligible amount of uranium and thorium 
associated with it. It has been mineralized at some time 
in the past and the isotopic ratios have not changed since 


that time. 
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Multi-Stage Models 
Multi-stage lead model theory has been summarized 
by Kanasewich (1968) and will be reviewed here. The law 


of radioactive decay is 


dN =-)\Ndt (1) 
where 
A 1s the decay constant for a particular nucleus; 
GaN is the number of nuclei+out of a total N which 
decay in a short time dt; 
N is the number of atoms at time t. 
By convention, the present time is defined as t = 0 and 


time is assigned a positive value in the past. Letting 
Nu be the number of radioactive atoms at the present time, 


thewsolutcion tom) 1s 


N = Ng e 6 (2) 
THiemuave OL pLoduction vf Poa atoms at any time is pro- 
portional to the number, NaUsee) of aoe atoms present. 

206 
eee = - anu ?®) (3) 


Dividing both sides of equation (3) by the number of 
204 


Pb atoms present and using equation (2), 
238 
204 204) ; 
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TABLE (1) 


SYMBOLS AND CONSTANTS EMPLOYED 


Present value Primordial value 
isotope ratio (t = 0) Ci aL) ieee 
ai agar x a, = 9.346 * 
ene pangclls y pelos taee 
ee ee age 2 c, = 28.96 * 
Ga ppos (e998 79 ** eee 
got eee cee: eee 
cee Bh ol W = 33.7 *** eee 

5. 2 Cone 


* Oversby (1969) 


**=-Coopervetials (1969) 


*eK Russell (written communication) 
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Using the symbols defined in Table (1) and integrating 
206 204 


equation (4), the total amount of Pb /Pb at any time 
teisegiven’ by 
vo 0 Ne 
- f dx. if Mike) e wat. (5) 
x t 
Solvang erOn xo, 
c 
a ee 
X= a ot f ileGe ie }dti A: (6) 
fe) 
,e 
at ; : 207 204 
Similarmr:equations may be obtained for the Pb {Pb and 
PH Pheer ratios 
ie) 
y=b, tag J dt tultre® tat (7) 
eet 
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Kanasewich (1962a) suggested that a quantitative evaluation 
of the integral equations (6), (7) and (8) may be obtained 
by treating y and W to be constants for discrete intervals 
of time. Since metamorphic or orogenic events are of 

short duration relative to the half-lives of uranium and 
thorium, this was thought to be a reasonable assumption. 


Equations (6), (7) and (8) may then be written in the form 
At. 
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The most simple form of these equations occurs when only 


one term appears in the sum of equations (9)-(11). 


Single-stage (ordinary leads) 


Leads which have evolved in a single closed lead- 
uranium—thorium systemmonly since the formation of the 
earth are termed single-stage or ordinary leads. Holmes 
(1946) and Houtermans (1946) attempted to explain all 
variations of lead isotope abundances in terms of this 
restrictive model. They assumed that small regional 
goechemical heterogeneities developed early in the forma- 
tion of the earth, but since t.,tead ratlosminpasgeologrcal 
system have changed only by addition of radiogenic lead. 
That is, a particular lead-uranium-thorium system has 
remained closed to addition or subtraction of lead, uranium 


and thorium since to: 
206 204 ZO" 


The equations for the measured Pb /Pb , Pb tA 
aye= and ang ee yasgey el abundances are given by 
Ate Aty 
a= S2 5th Hy (e -e ) (12) 
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where, as indicated in table (l), ty is the age of the 
earth; ty is the time that lead was mineralized (free of 
Uranium eand thorium). *hquations G22)’ ‘and’*(13) "canbe 


combined to give the famous Houtermans isochron equation 


SS (15) 
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Equation (15) shows that single-stage leads of a common 


age will be along a straight line ina pa ya vs. 
aged! ae (x7 vs. ae DLOC ww wlteis alsovOobserved from 
Seduaerons | (! 2) oaonmananGl4) that single-stage tleads of 


different age will, when plotted as X, VS. y,; OF X, VS- 2), 
define a series of curves (that are functions of time) 
corresponding to different Hy and Wy values. These curves 
are called growth curves. 

Noting that single-stage leads were closely dis- 
tii butedsaboutewa single growth curve, Collins; Russell and 
Farquhar (1953) postulated that there is a single growth 
curve to which all single-stage leads fit within a few 
percent. The assumption was that the uw and W values for 
the source of these leads were uniform throughout. 

Russell (1956) suggested that the mantle was the 


source of these leads and that the first stage of all 
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lead development occurred there. Subsequent research has 
shown that so called "conformable" or "stratiform" deposits 
represent the closest approximation to single-stage leads. 
in parcrecularyeotanton=ande- mussel (1959) ;"Russell ‘and 
Farquhar (1960)"and* Ostic etal °~(1967) have discussed 
the correlation between single stage leads and comformable 
deposits. Using isotope analyses from known single-stage 
leads, Ostic et al (1963), Russell and Reynolds (1965) and 
Cooper et al (1969) have mathematically defined so called 
primary lead growth curves. The primary growth curve 
recently calculated by Cooper et al (1969) is currently 
accepted to be the most precise. When lead isotope data 
in general are discussed the primary growth curve is often 
used as a frame of reference. 

Most leads in nature have had a more complex history 
than can be explained by a single-stage model. More ela- 


borate models are required to describe them. 


Anomalous leads 


Anomalous leads are defined as those leads whose 
isotopic ratios were produced in two or more distinct 
lead-uranium-thorium systems. Anomalous leads often plot 


ae one us vs. ae! eae graph. 


on a straight line ina Pb 
Anomalous leads may be classified into the follow- 


ing types (Kansewich and Farquhar, 1965) 
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1. Mixtures of two ordinary leads 

2. Two stage anomalous lead 

3.55 Short period anomalous lead 

4, Simple three stage anomalous lead 


5. Higher order multi-stage lead 


The general equations for multi-stage leads were given by 
equations (9), (10) and (11) and are applicable to anoma- 
lous lead two-stage models. 

For a two-stage model the equations (9), (10) and 


(11) reduce to 


At, At. 
Xo =X, + Uy (e -e ) (16) 
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The development of a two-stage lead may be visualized to 

occur in the following manner (Kanasewich, 1962b). 
Ordinary lead (single-stage) was differentiated 

from its source at time ty and either formed a lead depo- 

sit or was disseminated in the host rock in the crust. 

At this time the isotopic ratios of the lead were given 

by xy. Vy and 21 (from the single stage model). Contem- 

poraneously, uranium and thorium entered the same environ- 


ment. Radiogenic lead developed through the decay of 
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uranium and thorium. At some later time t, remobilization 
of the lead occurred, mixing the single-stage lead with 

the radiogenic lead. The isotopic ratios were then "frozen" 
EOMEMeCR OLESEN CayveameUlears Values Xor Yo and Z. are measured 


on the mass spectrometer. In general, U5 and W. will vary 


2 
for each sample. 

One special case of this model occurs for a mixture 
of two ordinary leads. In this case Wy= Uo and Nie Wo- 

Another special case of the two-stage model occurs 
when the duration of the second stage of lead development 
TSsesiore 1n Comparison, coethe duration of, the (first stage. 
Here the lead isotope ratios will plot on a line nearly 
tangent to the growth curve (see equation 19). 


It may be noted that equations (16) and (17) can be 


combined to give 


i (19) 


This equation is mathematically similar to the Houtermans 
Lsochronpequation. = Equation “219)—shows” that two-stage 
leads which have the same age but which may have developed 


in different uranium-thorium environments will be ona 
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straight line in a Pb /Pb VSa00eD /Pb DLOceeei.S 


line is called an anomalous lead line. The slope R defines 


the ey easels Eatiwo,oL the radiogenic Component. 
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Lnces=stage model 


The complete equations for a three-stage model 


have the form 
X, = a, tu, fe =e ) + py le Se ) 


+ 3 (e =e ) (20) 


with similar equations for Y¥3 and Z3- One particular form 
of the three-stage model has been adopted to explain the 
lead isotope abundances of several sulphide deposits. This 
particular case occurs for Uo= 0. Lead development in this 
case may be imagined to occur in the following manner: 

Lead was mineralized at time t, as an ordinary lead. 
At time t, uranium and thorium were introduced into the 
system. Radiogenic lead developed from time t, to time 
is 


At time t. lead was remobilized and the ordinary lead 


3° 
was mixed with the radiogenic lead. The slope of the 


anomalous lead line becomes 


Yeeey. - 3 
STN gay eS ea eel ae (21) 
X37 Xy At. At. 
ANSP oaeh KS = 1S) ] 
For a complete three-stage model where the uranium concen- 
trations W5 and Hz vary, Ehe TSOCODLCytattos! wild scatter 


about an anomalous lead line (Russell et al, 1966). How- 


ever for the modified three-stage model just described 
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where, between times ty and to the system is practically 


feee of uranium, the ratios x, and y3 are linearly related. 


3 


Although upper and lower limits for t. or t, 


obtained (Russell and Farquhar, 1960) it is apparent that 


are readily 


lead isotope data alone will not provide a unique solution 
to equation (21) as neither to or t. are known. However, 
given an independent estimate for either t. or t3, equation 


(21) can be solved. Frequently K-Ar or Rb-Sr radiometric 


ages are of help in this regard. 


Brequently mixed modell 


As a mathematical exercise, Russell et al (1966) 
calculated the isotopic compositions for some hypothetical 
leads as they would have developed in a number of closed 
uranium-thorium-lead systems. The pertinent expressions 
for an n-stage model were used. They assumed a binomial 


distribution for the Ws (y238 204 


/Pb ) values and the HW, were 
chosen independently at random from this distribution. The 
results showed that the frequently-mixed model for lead 
isotope abundances approximates very closely to a two-stage 
model. 

It should be noted that models with more than a 
three-stage development have not been successfully applied 


in case histories to date. The precision of the isotope 
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A lead model is just a hypothetical history of lead 
isotope development. The fact that much of the lead isotope 
data fits patterns predicted by lead model theory provides 


evidence for its applicability to real geological systems. 
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CHAPTER? U1 


SOME LEAD ISOTOPE RESULTS FROM THE 


WOLLASTON LAKE FOLD-BELT, SASKATCHEWAN 


introduction 


Cumming et al (1970) have discussed some experi- 
mental observations resulting from a heating experiment 
conducted on a whole rock specimen from the Janice Lake 
area in the Wollaston Lake fold-belt and have discussed 
lead isotope data obtained for a suite of galena samples 
found in the belt. This chapter will review some of 
the results and present additional data obtained by the 
MighceienoLeSulpavde:mineraligation OCCUrring inp the 
general area. New isotope data will be given for galena 
in 10 split-core samples from the George Lake zinc de- 
posit located just south of Wollaston Lake and for 3 
sulphide samples which appear to be genetically related 


to the galenas discussed by Cumming et al. 


Regional Geology 

The general geology of the Wollaston Lake fold- 
belt system has been described by Money (1968). A 
detailed summary of the geology is beyond the scope of 


Cis thesis. Only a briet Cutline will be given here. 


’ gled soinst edd moxt nomigeqs 490% elodw 6 HO bas Suhnos 


vr 


“bieqxs smoe beeavsetb eved (Ove) Ls 39 pninm> 
jnemtisgqxe pnitesd’s mo1t piitivpe: anoijsvisedo Isiaem | Pe 


bevaudeib evsd bns tflod-biot sAsl notesiiow sit at sors a. 
asiqmsa snealsp to stitia # tot bonistdo si6b sqotoai baol | i | ma 
to amos waives Li neaaetic eid? .tisd oft ai Bavok® “= 
edt yd bentsido si5b Isabid Lhe sSasesiq Sas etlivees els s 
ead ai pakixy590 noissstisarsnim sbidgivgs szst szetiaw a 
snelep 102 nevip ed (Liw sisb sqofoai we! sexs {stenep a 
-sb Sais s4ed sprosdD sit mor? one sitoo-silge OL AE 
3 xo? fas oAsd noteslilowWw to dtuoez aug betsso0l — a 
Dhotsiex. yiisoissaep od ot issqds doidw eolqmse sbisiqtue © . 
| -46 39 poimmuD yd bseevoetbh asaeisp sia oF _ | 


~bilo2 sided antesliow sit 20 ypologp fsisnsp off 
A , (@er) yoinon. yd tedinoesh noe sit mageiie | 

20 Sqose ars bnoyed 2: eoloep silt 26 ys 

aan ert ot SAY anii9, Yates yao 


14 


The Wollaston Lake trend is a major structural 
and lithological feature in the Churchill geological 
province extending northeast from the edge of the Canadian 
Shield through Wollaston Lake and into Manitoba, a distance 
of some 400 miles (Figure 1). The fold-belt consists of 
a series of coalescing, isoclinally folded belts. It 
is bounded on the west and east by granodiorites and 
granites. Radiometric data indicates that the belt was 
involved in the Hudsonian Orogeny about 1700-1800 m.y. ago. 
Recent discoveries of base metal and uranium minera- 
lization in the area have attracted attention to the 


economic aspects of the belt. 


Local Geology,,-Janice Lake Vicinity 


The geology of the Janice Lake area has been des- 
Sil OCdeb ve Ratie (L969) mandenacthmeana Morton (1970). the 
sequence of metamorphic rocks found in the vicinity of 
Janice Lake can be subdivided into two major lithologic 
Unltse whitch underly more than 90 per cent of the area: 
Thestwowunits consist of associations of variable’ hornblende- 
biotite gneisses and biotite gneisses. Mineralization con- 
Sists of native copper and various copper sulphides and is 
confined principally to the metaconglomerate horizons 
associated with the hornblende gneiss unit. The minerali- 
zation appears to be of syngenetic sedimentary origin. 
The particular rock sample of Cumming et al was a horn- 


blende gneiss. 
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Local Geology, George Lake Zinc Deposit 


The George Lake zinc deposit is found in that por- 
tion of the Wollaston Lake trend called the Courtenay 
Lake-Cairns Lake fold-belt by Money (1968). Karup-Mgller 
(1970) in a detailed study of the belt has renamed it the 
Compulsion River fold-belt. This belt consists of a 
steeply dipping sequence of meta-sedimentary rocks. The 
rock sequence has been subdivided into 6 formations 
(feldspathic quartzite, quartzite, slate, argillite, 
arkose and schist). The quartzite hosts the sulphide 
mineralization which consists of sphalerite, minor galena, 
pyrite and pyrrhotite. The mineralization occurs as dis- 
seminated grains and minor amounts present along fractures. 
Movement of sulphides into these fractures probably resulted 
from metamorphic segregation. 

Karup-Mgller and Brummer (1970) give persuasive 
evidence that the metals in the mineral deposit are of 
SynoecHetlC OL1gGin, 1.c.8 the precipitation Of the sulphides 
occurred simultaneously with deposition of the host quart- 
zite. The textures of the mineralized sedimentary rocks 
show that the deposit was later modified by metamorphism. 

The geological setting of the individual galena 
samples won't be given here. Several of the samples 
were found in boulders of uncertain origin. The geo- 


graphical locations of the Janice Lake rock specimen, the 
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George Lake zinc deposit and the discovery sites of the 
galena samples are given at the end of the chapter (Table 


A)? 


Experimental Results 


The writer was initiated into lead isotope work 
by learning techniques of extracting and purifying lead 
from galena discovered in the Wollaston Lake area. He 
then began work on trace lead occurring in whole rocks. 
The aim was to carry out a study on the average com- 
position of lead extracted from rock samples originating 
in the Wollaston Lake trend. For this purpose a furnace 
WasmbuULlt, With the help of Mx. EF. Tsong, to extract the 
_ lead by volatilization. The first objective was to 
determine the approximate temperature at which all lead 
from a whole rock specimen was released. Lead was vola- 
tilized and collected for 2 different temperatures (the 
method is discussed in the Appendix). When run on the 
mass spectrometer it was noted that the two fractions were 
SIgGiuscleanclysOLererel@elsOoLOpically. Mr. °F. Tsong then 
| conducted a heating experiment whereby lead from the rock 
sample (Janice Lake vicinity) was fractionally removed by 
distillation at a series of selected temperatures and the 
isotopic composition of the various lead fractions deter- 


mined on the mass spectrometer. Concurrently, the writer 
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commenced an analysis of galena samples found in the 
general area. The outcome of these two studies proved 
to be quite interesting and is described below. 

Figure (2) illustrates results from the heating 
experiment and the galena data. Table (2) shows the 
original galena data along with the additional results 
for samples E18A, George Lake 9736 and Joannie Showing. 

The whole rock data won't be repeated here. 

A linear trend in the rock lead data is obvious, 
with the majority of the points fitting a straight line. 
Cumming et al have suggested that the line is the equi- 
valent of a mineral isochron whereby various mineral 
phases lose their contained lead at different temperatures. 
At any particular temperature the lead which is volatilized 
is a linear combination of contributions from two or more 
Miners, DUG WhIClewlllestiilimplot on a straight: line: 

It is noted that data for 3 temperatures is in disagreement 
with this premise. However, the join of two of these 
points is parallel to the main line. The implication 

here is that there may have been more than one initial 

lead composition, a reasonable assumption when considering 
that the rock material is of a sedimentary origin. Since 
the lines are parallel, it is assumed that there was no 
mixing between the mineral phases. 

Assuming that the radiogenic component of the lead 


has evolved to the present time t = 0 through the decay of 
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TABLE (2) 


LEAD ISOTOPE COMPOSITION OF GALENAS* FROM THE 


WOLLASTON LAKE FOLD-BELT, 


Sample Name 


South of 
Kaz Lake 


Simon Lake 


George Lake 
9736 


Southwest of 
George Lake 


George Lake 
9748 


Wathaman River 


E18A 


Marina Showing 


Joannie 
Showing 


* George Lake 9736 is a pyrrhotite, Joannie Showing is 


a chalcopyrite. 
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uranium, the time t, at which the system had an initial 
uniform lead composition can be calculated from the re- 
lationship 
SO ee 2 + A 
R c Oe 2 5 oe te 0.0091 
The slope is determined from the best fitting straight 
line which is calculated allowing for correlated errors 


between the two ratios. The constants are given by 


w= 0297226 1m Jy 
-9 
= 02S 7 cRlOe Vy. 
Oh we alse, ts) 
ty = 0, since the lead was extracted from the rock 


at the present time. 


The value for t. is calculated as 


t, = 2040 + 135 my. 


Money (1968) has reported K-Ar ages of approximately 
15750 Sieve OG GOCKSeahmehes area.  Thissimplies that the 
ee major metamorphism in the area occurred about 

1750 m.y. ago, but was not severe enough to homogenize 


the lead isotopes. 
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The uw value for the particular growth curve which 
intersects the rock line at ti= OmOx t5= 2040 m.y. is 


calculated to be 
Eve sors nes (0) fl O05) 


This is the value of uw required to produce the initial 
lead in the rock at 2040 m.y. and presumably is the value 
associated with the source from which these rocks origin- 
ally formed. It is noted that this value is considerably 
smaller than the value u = 8.79 for conformable leads as 
calculated-by Cooper et al (1969). 

The galena data reported by Cumming et al were 
also observed to approximate to a straight line, with 
slope R = 0.3011 + 0.0068, intersecting the growth curve 
near the 2040 m.y. date. Assuming a two-stage model for 
the galena data, the time of the second event is calculated 


to be 


ey) = 25308 tel Oemay. 


This is significant because it indicates that, although 
the Janice Lake area was involved in the Hudsonian Orogeny 
Sone 1700-1800 m.y. ago, crustal material must have been 
present prior to 2530 m.y. ago at which time the lead was 
initially emplaced in the rocks. Additional data pre- 


sented here include samples E18A, George Lake 9736 and 
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Joannie Showing. They fit the galena line well. The 
slope of the anomalous lead (galena) line with the in- 
clusion of these 3 additional samples is R = 0.3009+0.0082 
which agrees with the original value of 0.3011 + 0.0068. 
Further lead isotope data have also been obtained 
by the writer for galena in 10 split-core specimens 
(drill hole number 7) from the George Lake zinc deposit 
which is located approximately 20 miles south of Wollaston 
Lake. Results are shown in Table (3). Galena in samples 
7-253, 7-254, 7-256, 7-300 and 7-305 occurs in disseminated 
form. Galena from 7-262, 7-280, 7-297, 7-330 and 7-340 
is found in fracture veins. One observes that there is 
no consistent difference isotopically between the dissemi- 
nated galena and the more massive vein galena which fill 
the fractures. It should be noted, however, that samples 
#-zZ8Qeand 7-340 are slightly, but distinctly different 
isotopically from the rest of the samples. Perhaps these 
two samples incorporated some radiogenic lead when ori- 
ginally migrating into the fractures. An alternate 
possibility is that the lead in the George Lake zinc 
deposit was derived from sources having two slightly 
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different isotopic compositions. The centroid of the 


George Lake core sample galenas (Poeeo7 er ak vs. jem acter 
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LEAD ISOTOPE COMPOSITION OF GEORGE LAKE GALENAS, 
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From Figure (2), the George Lake core sample galenas 
are seen to depart slightly from the galena lead line 
and have probably had a slightly different origin than 
the others. 

Sinha (1970) has reported lead isotope data for 
2 galena samples in the Wollaston Lake belt. The data 
(normalized to absolute ratios using CIT shelf lead) is 


quoted here. 


Sample Name a age acl) pee ay 8 aay 
Compulsion L Gs 5 I ayclee) 36.47 
River Ga) Nees 36.44 
16.54 L503 S647 
Falconbridge 16.47 15.40 Bome9 


The data listed here do not coincide with 

anysdatawOlULal neamoyatiecewoiter £or galena 

samples found in the Wollaston Lake trend. Sinha (1970) 
mentions that both galenas are found in boulders which 

may be unrelated to Churchill Province rocks, although the 
writer is of the understanding that the sample "Compulsion 
River" as listed by Sinha may correspond to the sample 


"Southwest of George Lake" as given by the writer. 
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LOCATIONS OF WOLLASTON LAKE TREND SAMPLES 
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CHAPTER! LIT 


A LEAD MODEL STUDY OF THE QUEMONT DEPOSIT 


Geology 


The Quemont mine is located at Noranda, Quebec 
(Fig. 3). Regional geology has been compiled by Dugas 
ends Gilbert (1953). “e€ampbel | 1962 sand) 1963)) has des-— 
cribed the mine geology on the basis of field studies 
andecarlier reports byataylorm@l953,, 1957), Scott (1948) 
and others. The following geological summary is founded 
mainly on his descriptions. 

Noranda lies between the Cadillac-Bouzan and 
Porcupine-Destor fault zones. The Cadillac-Bouzan fault 
zone separates Timiskaming-type sediments in the south 
from Keewatin-type volcanics to the north. A series of 
stocks, sills and dikes have been mapped in the area. 
The Horne Creek fault at Noranda divides the Quemont 
and Horne mines. 

The Quemont mine is located in volcanics consisting 
Mainly obsenyolitesporepnyries, breccias and tuffs. Ore 
o@curs ain the rhyeliitem@breccias. Porphyritic rhyolite 
overlies the ore. The porphyritic rhyolite and rhyolite 
breccia are folded into a westerly plunging anticline. 
Further crossfolding has resulted in a domal capping of 
they porpnyritcic nnyolite Over the ore zones. The dome is 


abruptly truncated bythe Horne Creek fault. 
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date Ratiskaming Scale in Miles 
pas Sudbury RGCNAR 0 30 60 
pe COS fram Wilson ,1962 
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wm Porcupine - Destore Fault 


FIGURE 4 


GENERAL GEOLOGY, COBALT-NORANDA AREA 
(from Kanasewich and Farquhar, 1965) 
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The ore at Quemont occurs as massive and dissemi- 
nated sulphides. Predominant minerals are pyrite, 
pyrrhotite, sphalerite, chalcopyrite and magnetite. 
Pyrite and pyrrhotite are the dominant sulphides, cons- 
tituting about 87 per cent by weight of the ore minerals. 
Sphalerite and chalcopyrite account for the remaining 13 
per cent. Galena is found in small quantities in one 
part of the mine. 

Campbell (with Ryznar et al, 1967) has proposed 
the following series of events, with corresponding dates, 
for the Quemont mine area: 


ue DepeOsi tion OrLenon-ponphyritic: rhyolite breccia 
and rhyolites 


2. Deposition of porphyritic rhyolite and andesites 


Go. 'oOlding andmareacturing of volcanic rocks 
4. Emplacement of sulphide ores - 3250 m.y. 
be. Intrusion of diorite 


GeeGoanLtic sinieuustons (anderhyolite dikes), = 
ZAS OP may. 


7. Diabase dikes - 1200-1700 m.y." 


Numbers guoted are lead model and K-Ar radiometric dates. 


Experimental results 


A lead isotope analysis was made on 8 sulphide 
samples from the Quemont mine with the anticipation that 
a lead model study might furnish new information on its 


declogivcalehistory. | kesults are given in Table (5). 
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TABLE (5) 


QUEMONT MINE - UNIVERSITY OF ALBERTA RESULTS 
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Lead isotope results obtained by Kanasewich and 
Farquhar (1965) for galenas in the Cobalt-Noranda area 
are of interest for this work. These results are given 
anpTabilem(6). 

A plot of the Quemont and Cobalt-Noranda data as 


204 mee ee ae Me 


Figure (5). The primary growth (Cooper et al, 1969) is 


207] 


aMyeb /Pb graphwis allustrateds in 


also included. 


interpretation 


It is apparent that the Quemont mine data nicely 


approximate an anomalous lead line on a ae pany Oe vs. 
ino 8 ape plot. The slope of the line is given by 
Sh ee SPALL) Se OMENS Se 


It is seen from Figure (5) that the Quemont mine and 
Cobalt-Noranda anomalous lead lines have slightly 
different intersections at the primary growth curve 

(u = 8.79). Kanasewich and Farquhar (1965) recognized 
the Cobalt-Noranda galenas as being mixtures of single- 
stage galenas having two distinct periods of mineraliza- 
Clone teoZ000t el oUstmyemeande2S00'+el50 my. Lit their 


data are normalized to absolute values according to 


Cooper et al (1969), these two dates become 3360 + 70 m.y. 


and 2140 +70 m.y. The errors encompass experimental 
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TABLE (3) 


COBALT-NORANDA GALENAS (KANASEWICH AND FARQUHAR,1965) * 


Sample name 


Golden Manitou 
Mine? Val-d'Or, 
Que. 


Barvue Mine, Que. 

Renabie Mine, Ont. 

Kerr Addison Mine, 
Ont. 

Lake Shore Mine, 
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One. 

Kerr Lake Mine, 
Coleman Twp., 


One. 
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Cobale, Ont. 
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Woe 


Data corrected to absolute abundances of Broken Hill #1 
accetuing to Cooper, et aly (1969) . 
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uncertainties in the isotope measurements only. The Quemont 
anomalous lead line intersects the primary growth curve 

at 3050 + 50 m.y. Furthermore, the Quemont mine (galena) 
data listed by Kanasewich and Farquhar, which are older 
University of Toronto data, agree. quite well with the 
galena data obtained by the writer at the University of 
Alberta. 

A puzzling aspect of the Quemont data is the fact 
that the anomalous lead line passes very close to the 
present day end “of ‘the*gqrowth "curve. Tt’ was* initially 
suspected that the iron sulphide separates might contain 
some admixtures of uranium rich accessory mineral. How- 
ever x-ray diffraction films taken by Mr. M. Gold at the 
Department of Geology, University of Alberta failed to 
indicate the presence of significant contamination. It 
should be noted though, that as ager as 5 per cent ad- 
mixture might have been present and remained undetected. 
Such a contamination of the iron sulphides would not 
account for the fact that the galena sample lies on the 
Same straight line and it is therefore concluded that the 
data represents a true anomalous lead line and may be 
interpreted in terms of a simple model. Since a two- 
stage model interpretation would require a mineralizing 
event at essentially zero time for which there is no 
geologic evidence, it 1S apparent that a more complex 


model is necessary. 
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A modified three-stage model for the lead in the 
galena and other sulphides in the Quemont deposit is 
proposed here. It is suggested that the history of lead 
at Quemont is marked by three stages of mineralization 


and t. where 


eo 3 


given by tie 


ty is the time of ordinary lead mineralization; 


t. is the time of uranium-thorium mineralization; 


2 
is the time of anomalous lead mineralization 
during which radiogenic lead, having developed 
between t, and t3, is added to the ordinary 
lead. 


ee 


Ulrych and Russell (1964) adopted such a model in inter- 
Deecdr rng tic llstoly som tnemoucdbury leads.) “rhe relevant 


equations for this model are 


Ate Aty At. At. 
X2 = a, + Hy (e -e iets 3 (e -e ) 
U est Ge U ay 2 ee CRs 
a 3 2, 3 
yapowiees File: “Be *) + apy fe SS ) 
)\ Wee \ re )\ Wie \ Wee 
i ome il 2 3 
Zi, Saher + W, (e e ) + W2 (e e a 


The slope of the anomalous lead line is given by equation 


(i meiChantear. 1) 


ye 


re 
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The time, ty of ordinary lead mineralization is taken to 
be 3050 + 50 m.y. This age indicates the first period of 
lead mineralization and is slightly discrepant with first 
age of mineralization calculated by Kanasewich and Farquhar 
(1965) for the Cobalt-Noranda galenas. 

As mentioned previously, equation (21) cannot be 
solvediviexpliciely (for cboth t, and t,. An independent 
estimate for either t. or t3 is required. An obvious 
choice for t, would be a date coinciding with the Kenoran 
Orogeny in the Superior province. 

The eval uewe2500° +5100) may 2 “for sthe second period 
of lead mineralization of the Cobalt-Noranda galenas is 
chosen for t, in this work. Numerous K-Ar ages centered 
around 2500 are listed in Geological Survey of Canada 
Map 1256A (Isotopic Age Map of Canada compiled by Wanless, 
1969) representing granitic intrusions in the Superior 
geological province.) sCampbelin( 1962) has’ quoted ‘a iK-Ar 
age (determined by Dr. H. Baadsgaard at the University 
on Alberta )srot 24400 200nmty.) sion diorirte at Quemont. 

He interprets this age as representing the last thermal 
event in the area (probably associated with the introduc- 
tronmomegranites). This date may, in fact, represent the 
culmination of the Kenoran Orogeny in the immediate 


vicinity of Noranda. Remobilization of the existing 


sulphides might have taken place, but it is suggested 
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that the lead was originally deposited in a low U-Th 
environment and little change in the isotopic compo- 
Sition of the lead was effected. 

It is plausible that uranium-thorium mineraliza- 
tion was associated with the intrusion of granites 
during the Kenoran Orogeny (which may have spanned 
several hundred million years as suggested by Ozard, 


1270)™ = In=@brier, the date te is thought to depict 


2 
uranium-thorium mineralization during the Kenoran Orogeny 
ends Tsetaken= tobe s2500m+el00 mM... 
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Eron@(21) "the value forest the time of anomalous lead 


3" 
Nreieram Zattoo, s!cecalculabed) co be! LOS0er LOO my. =it 
is interesting to note that this date coincides with an 
accepted date of 1000 + 100 m.y. (e.g. Zartman and 
Wasserburg, 1969) for the Grenville Orogeny. Since 
Noranda lies some 50 miles from the Grenville Front, a 
direct correlation between these two ages must be viewed 
with some skepticism. Nevertheless, a mechanism related 
to the Grenville Orogeny whereby anomalous lead is added 
atwLODUPMN.yeto Che; ol1deres050, m.y. Ordinary lead is 
proposed. 

In recent years, researchers such as Grant (1964), 


Steiger and Wasserburg (1969) and Ozard (1970) have 


demonstrated that old Superior rocks near the Grenville 


a 


Met) wots ti bosinoqeb Yi leatpPier et Oe 
-2iecd aijesort ‘ant ak 9p opaais steer bias rm > 

| Bagootys eaw ieee 2 
weeilexain niivtxod$~mo tie xL! Sedc oldiapita ah hal oa 
 getiasup to ugkewitnt odd Ao iw bassio0sen ‘eoweekt a 

. barirsge oven Vem dotdw) yaspoxr0 asxonsa da pa rswb <= 
,bass0 yd Dotesppue as e1esy acter tm Hotbasd istevee : | 

35 tneb of sdpyod? zi ¢? sssb sit , torrid’ At -(orer 


yiiepes0 nexzonex# sdt prixnwb noitsctlaxsnim mutzont-swniey 


“Yom OGL + 0028 sd ot*nedtst ef Ree 
“BHpe moa> mot ,.¥.m 0082S sd oF go? 83q9996 Sno = oe 
besi aie Lemors io semis si3 ig? tot sulsy ond (1S) moLd 


#2. sym OOL + 020 5d oF boteliofso et \ noises hisaaedee 


m& fidiwi esbionios stsb ein? tet sion of priseerssnd’ Be 
bas merdiesS..p.8) .y.m-001 + 000L 320 S3Bh ‘botgsSos - os 
ceitite -ynopoz0 olltvaexD sft rod (eAPL .pivd1seaew - 

5 sthoug sillivaszd sly moxzt aalim 02 eSmoe asif ae 
| Bewstv od teum 29p8 ow? s¢anit noeswisd nottslexitos crryes-] 


» os - 


betsiex mainsdoem 5 senalodszovan -metoltqsxe smoz asa 


bebbs ei-hasl evolemons yibeariw YIsSpoxro See oe ee 


et Dsol arene "V¥.m O0G0€ xsBlo sdz 65 it. ——o 


_ 


s(SOOL) JnexD es dose ereroxs9251 ei8ey. : ew Ae 
avert (0TeL) aia (@aet) wd're 
aaa sit xs90 axsox xolisque £6 i tan 


a 


Front have been altered by metamorphism approximately 
1000 m.y. ago during the Grenville Orogeny. Attention 
was focused on the fact that radiogenic lead is quite 
easily mobilized during metamorphic events. This is 
easily explained when noting that uranium and thorium 
Erequently occur interstitially in accessory minerals. 
The lead generated by radioactive decay is not compatible 
with the host lattice. Ozard (1970) has surmised that 
lead in the Vogt-Hobbs area of Ontario has migrated over 
a distance of several miles. If one concedes that radio- 
genic lead may migrate during metamorphism, then given 

a channelway, perhaps this migration can extend for a 
considerable distance. Kanasewich and Farquhar (1965) 
have suggested that the Cadillac-Boizan and Porcupine- 
Destor fault zones may have served as channelways for 
mineral-bearing fluids during the periods of lead mine- 
ralization in the Cobalt-Noranda area. It is conceivable 
that these same fault zones served as channelways for the 
remobilized radiogenic lead at 1050 m.y. Campbell (1962) 
has suggested that the Cadillac and Porcupine fault zones 
Might besgenetically related to the Grenville Front. The 
radiogenic lead, having migrated along these faults, woul 
then enter the host rock through secondary faults (as the 
Horne Creek fault) and fissures. This radiogenic lead is 
added to the older lead already existing in the Quemont 


ore deposit. 
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CHAPTER IV 


A LEAD ISOTOPE INVESTIGATION OF THE BIG LEDGE 


ZINC DEPOSE 


Geology 


The Big Ledge zinc deposit is located 36 miles 
south of Revelstoke, British Columbia (Figure 6) and is 
one of a number of lead-zinc deposits in the southeastern 
part of British Columbia. The geology of the deposit and 
Surrounding area has been described by Raham (1967), his 
report forming the basis for much of the following 
summary of the relevant geology. 

The Big Ledge zinc deposit occurs in the Shuswap 
metamorphic complex which consists of sillimanite grade 
marbles, quartzites and gneisses in this area. The rocks 
are of Lower Palaeozoic or Cambrian age and have been 
metamorphosed in Upper Cretaceous time. The ore deposit 
is stratabound, enclosed entirely within the Ledge Unit. 
Three periods of deformation have altered rock units in 
the vicinity of Big Ledge, resulting in an east-trending 
synform modified by two later periods of deformation. 

The first deformation period resulted in the formation 
of a laxge overturned fold. Later, smaller scale iso- 
clinal folds were produced, generally coaxial with the 


larcemLoldwewlL eis probable chat during this folding period 
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the Ledge Unit was deformed into a drag or secondary fold. 
Finally, gentle warps were produced in the bedding. Dates 
for the last periods of major metamorphism have been ob- 
tained by the K-Ar method. Reesor (L963, 2964, 1965, 

1966) has shown that the Shuswap terrain has experienced 
major metamorphic events during late Cretaceous and early 
Tertianpye time. .»in particular, K=Ar dates of 64 and 89 m.y. 
have been obtained from Mount Oden, near Big Ledge. 

Besides zinc which is the only economic mineral, 
Otbegesulphides at Biggluedge consist of pyrite, pyrrhotite, 
sphalerite and traces of galena, chalcopyrite and marcasite. 
The sulphide deposit has been formed by replacement of 
calcerous and non-calcerous horizons, deposition in frac- 
tures and deposition in breccia zones. The origin of the 
solutions which formed the orebody is unknown. In fact, 
there is controversy as to whether the orebody is post- 
or pre-metamorphism. Raham (1967) cites evidence that the 
Big Ledge deposit is post-metamorphism: 

wa esche CLOSSCUCCaNnGgmnature Of the sulphides, 
brecciation, fracture filling, veining, a general lack 
of conclusive deformational textures, numerous occurrences 


of euhedral sulphides and the presence of sulphides in any 
and every rock type ..." 


It could be argued, however, that all of Raham's criteria 
might simply represent remobilization of material already 
in place prior to the metamorphism. Muraro (1966) believes 


that other Shuswap deposits such as Wigwam and Ruddock Creek 
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existed in their respective host rocks before major fold- 


ing and metamorphism. 


Experimental Results 


Lead isotope results for 17 Big Ledge samples 
analyzed at the University of Alberta are given in Table 
(7). The samples were comprised of galenas, pyrites and 


pyrrhotites. 


interpretation of Results 


It is evident that the lead isotope composition of 


the Big Ledge samples is quite uniform. The centroid 
206 


204 204 


/Pb-9* vs. Po79? 


(average) of the data on a Pb /Pb 


plot is given by 


Sinclair (1964) observed such a uniformity for individual 
deposits in a study of leads from the Kootenay Arc (a belt 
of metamorphic rocks extending from northern Washington 

to north of Revelstoke, B.C.). He found that thermally 
metamorphosed galena samples from the Jersey Mine had 
identical isotopic composition to other Jersey Mine lead. 


In addition, galena from a small vein in the Reeves 


Sample 
name 


1a Wb 


R 104 


Rel22 


R365 


R 468 


Raeoae 


R 411 


Raed 13 


R 423 


Sulphide 


type 


galena 


galena 


galena 


galena 


galena 


galena 


galena 


galena 
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Dyeree 


pyErte 


pyrite 


TABLE 
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BIG LEDGE SULPHIDES 
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R 438 


R 468 


TABLE (7) 


(cont. d) 


BIG LEDGE SULPHIDES 


Sulphide 
Lype 


pyrite 


pyrite 


pyrrhotite 


Dyrrnotrtce 


pyrrhotite 


pyrrhotite 
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McDonald Mine was identical in composition to the massive 
parts of the orebody. Apparently a homogeneity of iso- 
topic composition does not necessarily indicate whether 
or not metamorphism of an orebody has taken place. Bear- 
ing this in mind when considering the Big Ledge samples, 
the lead isotope results obtained here apparently do not 
give new evidence on the question of the deposit being 
post- or pre-metamorphism. 

Along with isotope data for leads from the Kootenay 
Arc itself, Sinclair (1964) also reported lead isotope 
data for deposits in the adjacent Shuswap terrain (i.e. 
the Wigwam, Cottonbelt and Ruddock Creek deposits). The 
Wigwam deposit in particular is located only some 30 miles 
from the Big Ledge deposit. It is instructive to view the 
Big Ledge data in light of Sinclair's results. 

Sinclair showed that a suite of lead samples from 
the Kootenay Arc (and from the Shuswap complex) very 


206 204 


closely defined an anomalous lead line in a Pb J Pb vs. 


ZA ey cae DlOCe elt cedacamwiellanot, bewretabulated here 


Pb 
(see Sinclair, 1966). However, a plot of the Kootenay 

Arc data along with the Big Ledge data is illustrated in 
Figure (7). The Big Ledge data are seen to plot very 
closely to the Kootenay Arc anomalous lead line. Sinclair 
noted, in addition, that the calculated Th/U ratios for 


the various deposits are quite uniform. He suggested that 


EiteemayeindLlcate: thabeuic source, On the leads for the 
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entire Kootenay district was quite uniform. Sinclair 
(1966) has postulated the following sequence of events 
for the Kootenay Arc leads: 

"l. Introduction Gf .U and Th into a closed system 
in’ the upper crust about 1700 m.y. age. This closed 
system, the immediate source of Kootenay Arce leads may 


have been Lower Purcell Strata. 


2. Introduction of Sullivan-type leads into the 
crustal source of Kootenay Arc leads about 1340 m.y. ago. 


3. Mixing of Sullivan-type lead and radiogenic 
lead formed from radioactive decay of U and Th, by local 
melting and eventual production of hydrothermal fluids 


during Coast Range Orogeny, probably about Middle Jurassic 
time." 


The indication is that the few leads analyzed from the 
Shuswap metamorphic complex, including lead from the Big 
Ledge deposit, have had a history similar to the Kootenay 
Arc leads. Furthermore the uniformity of the lead isotope 
composition suggests that the Jurassic-Cretaceous meta- 
morphism must have been severe to so thoroughly homogenize 
the lead present in this deposit. The lead has probably 
been derived from the same source as that of the Kootenay 


Arc leads. 
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SUMMARY AND CONCLUSIONS 


The primary aims of this thesis have been to report 
new lead isotope data obtained by the writer for sulphide 
specimens from the Wollaston Lake fold-belt area, the Big 
Ledge zinc deposit and the Quemont mine and, further, to 
suggest interpretations of this data which, it is hoped 
help to elucidate the geological histories of the deposits 
and their environments. To this end, the writer had to 
first learn the techniques involved in the chemical pro- 
cessing and general mass spectrometry procedures necessary 
to achieve reliable data. Data was obtained on a solid 
source mass spectrometer equipped with a new digital record- 
ing system and processed by an IBM 360 computer by reduction 
techniques described by Cumming et al (1971). 

The results of a heating experiment conducted on a 
whole rock specimen from the Wollaston Lake trend showed 
that the lead in the rock was distributed inhomogeneously. 
When fractionally removed by incremental heating, the 
isotopic compositions of the lead fractions varied ina 
well defined manner, with most of the data fitting on a 
Stralgne sane (Gummingseetral, 1970). Calculations indi- 
cated that the rock sample became a closed system with 
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the last major thermal event in the area indicated by a 
K-Ar age of 1750 m.y. The value for u (the present day 


y 238 ppp24 


value) required to produce the rock lead 

2040 m.y. ago is calculated to be given by yp = 8.55 + 0.03. 
The galena data for samples in the vicinity indicates 
that the lead in these rocks was initially emplaced 

2530 + 140 m.y., necessitating the presence of crustal 
material in the area prior to this time. 

The isotopic composition of lead in the Big Ledge 
Zinc deposit was shown to be very uniform, with the data 
lying along the Kootenay Arc anomalous lead line of 
Sinclair (1966). The lead in the deposit, which is 
located in the Shuswap metamorphic complex, appears to 
have been derived from the same source as the Kootenay 
Arc leads and has apparently experienced a similar history. 
The uniformity of the lead isotope composition suggests 
that the Jurassic-Cretaceous metamorphism must have been 
severe to so thoroughly homogenize the lead ratios in this 
large deposit. 

Lead extracted from metallic sulphide samples of 
the Quemont mine was seen to have isotopic compositions 
fitting closely to an anomalous lead line. A three stage 
model is proposed to account for the lead isotope abun- 
dances in the deposit. Ordinary lead mineralization in 


the Quemont mine area occurred at ty = 95 0D Ose pO TN eny ony 
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representing the initial emplacement of lead in crustal 
rocks. If an age for uranium and thorium emplacement 
is chosen as t, =e U0mITeLOO M.y.,— Coen. the time t, of 


anomalous lead mineralization is calculated to be 


t3 = UO50, +e l00sm. ye eliicevaluecsrepresents the time 


at which radiogenic lead, having developed from 2500 m.y. 


is mixed with the older ordinary lead. It is observed 


that the value t, 


accepted value for the Grenville Orogeny. 
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= 1050 + 100 m.y. agrees with a generally 


Igo Isitint ond enisneeozqes 


, = pe): ~ i 2xDo0or 


: : - t { ] Te Masato et 
sit i} ; . J o> = : 4 & 
Tt. 

f ; I : 11 BMOnms 


sl 


APPENDIX 


LEAD EXTRACTION AND PURIFICATION PROCEDURES 


For purposes of chemical processing, the samples were 
grouped into three categories- galenas (PbS),other sulphide 
minerals and whole rocks. The techniques in extracting 
and purifying the lead are somewhat different for each group. 
Lheadeispextractedybycacid leachingror«volatilization and 
purified by either the dithizone method or an ion exchange 


process «(on 4a fcombination sof aboth methods) : 


Dithizone method 


The dithizone technique of extracting lead has 
been described by Tilton et al (1955), Maynes and McBryde 
(1957), Sandel (1959) and others. The following discus- 
sion of the dithizone procedure is a review based on the 
réferences cited above. 

Dithizone (Diphenylthiocarbazone) is a solid organic 
compound which dissolves readily in most organic solvents. 
When an immiscible organic solution of dithizone is shaken 
with an aqueous solution of a reacting heavy metal a colored 
dithizonate complex is formed, the color depending on the 
metal present. Although dithizone reacts with about twenty 
metals other than lead, adjustment of the pH of the solu- 


tion to be extracted and addition of a complex - forming 


D2 


agent to tie up other reacting metals permits a separation 
specifically for lead. Ammonium citrate and potassium 
Cyanide are frequently used as such agents. Citrate pre- 
vents precipitation of metal hydroxides and cyanide forms 
complexes (with such metals as iron) greatly reducing the 
amount of interfering metal reacting with dithizone. The 
cyanide does not prevent lead from reacting with the dithi- 
zone. A common technique which works in the case of a low 
concentration of reacting metals is to first extract lead 
and,other reacting metals... Then the dithizonate complex 
is separated from the original solution and shaken with 
dilute acid, releasing the lead and leaving "contaminant" 
metals still complexed with the dithizone. 

If contaminant reacting metals are present in large 
amounts then by mass action considerable quantities of 
contaminant metal will react with the dithizone, necessi- 
tating a preliminary purification stage. An initial ion- 
exchange separation of lead will adequately remove con- 


centrations of contaminant metal. 


Ion-exchange method 

Kraus and Nelson (1955) studied the adsorbability 
by Dowex-l ion-exchange resin in various HCl concentrations 
of different elements. They observed that lead was weakly 
adsorbed over a considerable range of acidity, with minimum 


adsorption at approximately O M and 8 M. Maximum adsorption 
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occurred at approximately 1.5 M. Further studies indicated 
that whereas lead is adsorbed from 1.5 M HCl, the alkaline 
earth metals, copper, iron, tin and thallium are not. 

This suggested that lead could be separated from many 

metals by adsorption on Dowex-1 resin from 1.5 M HCl and 
desorption by de-ionized (neutral) water. The ion-exchange 
method employed in this work is a modification of the method 
outlined by Catanzaro and Gast (1962). 

In order to achieve a good "run" on the mass spec- 
trometer purity of sample is critical. For example, traces 
of iron impurity will kill a run. The chemistry procedures 
adopted in this work gave adequate or better runs on the 


mass spectrometer and will be described in detail. 


Reagents used 


Triple-distilled water (3D water): used in the preparation 
of other reagents. 


Ammonium citrate: a 30% solution in 2% NH,OH is prepared, 
extracted with dithizone and washed with chloroform. 


Potassium cyanide: a 4% solution in 2% NH,OH is prepared, 
extracted with dithizone and washed with chloroform. 


Ammonium hydroxide: obtained from The British Drug Houses 
Ltd. (BDH) - Aristar grade, with maximum limit of 
Pb impurity quoted at 0.0000001 %. 


Chloroform: reagent grade chloroform is washed three times 
with dilute HCl then five times with 3D water. 


Dithizone: a 0.01% stock solution in chloroform is washed 
three times with 3 M HCl and five times with 3D 
water; this solution extracts about 40 ug.of lead 
per ml.; the dithizone should be stored in a refri- 
gerator since heat, light decompose it. 
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Neer icgacid: BDH ~JAristar grade. 
Hydrochloric acid: BDH - Aristar grade. 
Bromine: BDH - Aristar grade. 

Hydrogen sulphide: 


Dowex 1 a X8 resin: a_strongly basic, anion exchange resin 
(ionic form Cl), 100-200 mesh from Baker. 


To keep contamination to a minimum all the glassware 
(beakers, separating funnels, centrifuge tubes etc.) were 
previously cleaned in hot, concentrated nitric acid and 


rinsed first with 1D water and then with 2D water. 


Extraction of lead from galenas 


(1) Put a crystal or two of galena in a small beaker and 
add 5 ml. of concentrated HNO3. Evaporate to dryness. 
Take up evaporate in approximately 10 ml. of 3D water. 


(2) Decant solution into a 125 ml. separatory funnel. 
Bring the pH of the solution to 9-10 by adding a 
few drops of concentrated NH4,OH. Add 10 ml. of 
ammonium citrate and 5 ml. of potassium cyanide. 


(3) Add dithizone to the separatory funnel and shake. The 
dithizone will turn cinnabar red. Remember that 1 ml. 
of the stock solution will extract 40 ug. of lead. 


(4) Carefully drain the lead-dithizonate complex (drop by 
drop) into a 60 ml. separatory funnel, making sure 
not to include a drop of the citrate-cyanide solution 
containing iron and other contaminants. Add 20 ml. 
of 3D water and gently shake. Drain the red dithizonate 
complex into a 5 ml. beaker. Rinse the 60 ml. separa- 
tory funnel with 3D water. 


(5) Pour the dithizonate back into the 60 ml. separatory 
Funsiel hiAdd rile. miipiofies dINOsytos,back i extract 
the lead. The lead is now present in nitrate form 
in the clear solution above the green dithizone at 
the bottom of the separatory funnel. 


-! 
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(6) Drain away the green dithizone. Wash the remaining 
solution several times with 5-10 ml. of chloroform, 
draining off the chloroform each time. 


(7), Add the lead nitrate solution to the (cleaned) 125 
ml. separatory funnel and repeat steps (2) to (6). 


(8) Pour the lead nitrate into a 2 ml. centrifuge tube 
and add several drops of dilute NH4OH to bring the 
DH to 4-5 


(9) Bubble the solution with H5S to precipitate the lead 
asePbs. (Centrifuge... The eae sulphide settles as a 
sludge at the bottom of the precipitate tube. 

The sample is now ready to be loaded on a filament as PbS 

in an ammonium nitrate flux. 

If the galena is disseminated and occurs with pyrite 
or pyrrhotite, quite often the galena will tend to enclose 
the pyrite. (or pyrrhotite) .crystals and, grains. The, dithi- 
zone procedure alone is not always successful for such a 
Case- wea plLetimsnary DPreClpitation Of lead as lead 1o0dide 
(PbI) before a dithizone extraction helps to eliminate some 
of the iron contamination. The procedure here is to dis- 
solve the galena in HNO 3, take the solution to dryness and 
add 5-10 ml. of 10% potassium iodide. Lead iodide is formed 
(a dense yellow precipitate). Decant the liquid and wash 
the lead iodide with acetone. Then proceed with the dithi- 
zone extraction. 

If the galena occurs only in very minor amounts 


along with other metal sulphides an ion-exchange purifi- 


Cation is advisable. 
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Extraction of lead from sulphide minerals 


Metallic sulphides such as pyrites, pyrrhotites and 
Cchalcopyrites nearly always contain at least microgram 
traces of lead. The relatively large amount of iron 
present can be chemically separated from the lead by 


employment of an ion-exchange process. 


Chpeebaceslegm OL sulphideminvalyycor Crucible. Add) 15 
ml. of 50% HNO3 and a few drops of bromine. Gently 
evaporate to dryness on a hot plate (this may take 
V2 0nse)e 


(2) Add 4 ml. of concentrated HCl. Evaporate to dryness. 
Repedtsthivs step with szeuml. of Concentrated HCl. 


(3) Add 30 ml. of 1.5 M HCl to dissolve the evaporate. 


(4) Filter, then pour this solution into an ion-exchange 
column which is packed with Dowex 1-X8 resin settled 
im i.5 M HCl. The particular columns used were 
approximately 1 cm. x30 cmarwith a 100° ml. capacity 
reservoir. 


(yeeass thon! woe MescOoluLTonetnLough the column. | Duscand 
the eluate. Wash the reservoir twice with 15 ml. of 
eo MeHClallowingethesiCl to pass through the: column. 
This will remove traces of solution adhering by 
Capillary sactlon. 


(GC) mereLuce coe ColLunns wieh 7/0 ml..or 205 M HEL, 


CG )mescripetie lead frometne, resin by wadding 60 °ml- of 3D 
watberstutThe first 10° ml. of eluate can be discarded. 


(8) Evaporate the solution to dryness. 
(9) Convert the evaporate to nitrate form by adding 2 ml. 
of concentrated HNO3 and again evaporating to dryness. 


Take up the evaporate with 10 ml. of dilute (2%) 


HNO ° 


The procedure just outlined will yield relatively 


clean lead. It has been noted, however, that a dithizone 


a De 


Bil. 
bBo 
tq 
Cums 


om, 


extraction of this lead is required to give a good run 


on the mass spectrometer. 


Extraction of lead from whole rocks 


Lead may be extracted from whole rocks by chemistry 
methods similar to that outlined for metallic sulphides. 
However the procedure employed here was a volatilization 
of lead in a furnace and is described by Cumming et al 
(1970). The procedure will be briefly mentioned. 

Approximately 10 gm. of rock powder is mixed with 
1 gm. of graphite powder and loaded in a graphite boat. 
The graphite boat is placed inside a quartz tube which 
has been sealed at one end. A short, tubular quartz stem 
has been glass-blown onto the quartz tube, providing a 
connection to a vacuum pump. A cold finger is positioned 
inside the quartz tube, adjacent to the sample. This 
assemblage is then placed inside the furnace (which con- 
Sists of four silicon carbide heating elements placed 
inside a firebrick shell), evacuated and heated to operat- 
ing temperature. 

Lead which has been distilled from the sample 
condenses on the cold finger. This lead is dissolved 


in dilute HNO, and is purified by a dithizone extraction. 


3 
It has been observed that just a single dithizone 
extraction of this lead is needed to obtain a nice run on 


the mass spectrometer. 


Lead blank 
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A precise determination of the total lead blank 


invamtypical run; by, the 
However, because of the 
present in most samples 
purity of the chemicals 


be significant. 


use of a spike was not made. 
relatively large amounts of lead 
(26—=50 5g) eand because, or the 


themtead= blank ieenot, chougnt to 
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